A 35-year-old man presented with recurrent lower extremity weakness associated with polyuria later progressing to generalised weakness with difficulty in breathing. The patient was hypotensive and dry, with normal thyroid and chest examination, weak lower extremity and carpopedal spasm. Workup revealed hypokalaemia, hyponatraemia, hypocalcaemia, hypomagnesaemia, hypochloraemia and hypophosphataemia. Arterial blood gas showed respiratory alkalosis with good oxygenation. Twenty-four-hour urine collection showed normal volume with electrolyte wasting. Thyroid function test revealed overt hypothyroidism with negative antithyroid peroxidase. The patient was well after treatment with levothyroxine, volume and electrolyte replacement and was discharged. Thyroid hormones are related to the expression of the Na-K-ATPase, Na-Pi cotransporter, Mg-ATPase and Na-Ca exchanger pumps in the renal tubules. Sodium, potassium, phosphate, calcium, magnesium and water losses result from decreased expression of these pumps.
SUMMARY
A 35-year-old man presented with recurrent lower extremity weakness associated with polyuria later progressing to generalised weakness with difficulty in breathing. The patient was hypotensive and dry, with normal thyroid and chest examination, weak lower extremity and carpopedal spasm. Workup revealed hypokalaemia, hyponatraemia, hypocalcaemia, hypomagnesaemia, hypochloraemia and hypophosphataemia. Arterial blood gas showed respiratory alkalosis with good oxygenation. Twenty-four-hour urine collection showed normal volume with electrolyte wasting. Thyroid function test revealed overt hypothyroidism with negative antithyroid peroxidase. The patient was well after treatment with levothyroxine, volume and electrolyte replacement and was discharged. Thyroid hormones are related to the expression of the Na-K-ATPase, Na-Pi cotransporter, Mg-ATPase and Na-Ca exchanger pumps in the renal tubules. Sodium, potassium, phosphate, calcium, magnesium and water losses result from decreased expression of these pumps.
BACKGROUND
In medical practice, contact with male patients presenting with repeated hypokalaemic paralysis episodes would lead us to screen for hyperthyroidism as it has been a common differential in such cases. This case is significant in that this patient is from the other end of the spectrum of hypothyroidism, and this paper will present the possible links of hypothyroidism to paralytic episodes.
CASE PRESENTATION
A 35-year-old male patient presented in the emergency room with difficulty in breathing.
The history started around 2½ years prior to admission, in September 2009, when the patient began to experience progressive weakness initially involving the lower extremities and later ascending to involve the upper extremities. There was no history of vomiting, diarrhoea, diuretic or laxative intake. He was admitted to a hospital where he was found to have decreased potassium and calcium levels. Calcium and potassium were given intravenously and he improved. He was prescribed potassium chloride and calcium carbonate tablets and sent home.
He was readmitted that December with the same symptoms and problems of hypokalaemia and hypocalcaemia and was advised workup including thyroid function tests but was unable to comply due to financial constraints.
In the interim, the patient would have bouts of lower extremity weakness. He would eat bananas and take potassium chloride and calcium supplements which would resolve symptoms.
During another readmission in July 2011 he developed lower extremity weakness progressing to difficulty in ambulation which persisted even with oral supplementation of previous medications. It was also noted that he had beginning polyuria, weight loss of ∼25% and cold intolerance. Urine output was noted to be increasing in quantity and reaching to over 5 L/day. In the month prior to his admission he began having difficulty in breathing and in coughing due to generalised weakness. Progressive symptoms prompted the present consult.
He arrived at the emergency room with no appreciable heartbeat and advanced cardiac life support was initiated. He regained heartbeat and consciousness after 5-6 min with a Glasgow Coma Scale of 15 but was persistently hypotensive and required two vasopressors.
Physical examination revealed an awake, responsive patient with pale conjunctivae, dry lips and skin, with negative Chvostek's sign. There was no exophthalmos or facial puffiness. There was no neck vein engorgement, the thyroid gland was not enlarged, soft, non-tender with no palpable nodules. He had clear breath sounds and essentially normal cardiac findings with slight epigastric tenderness. Deep tendon reflexes were normal at +2 with a note of carpopedal spasm and a manual muscle testing of 3/5 on the lower extremities. Pulses were faint and initial urine output was 600 mL.
INVESTIGATIONS
Initial workup, shown in table 1, revealed multiple electrolyte imbalances of hyponatraemia, hypokalaemia, hypocalcaemia, hypomagnesaemia and hypophosphataemia. Creatinine clearance computed via Cockroft-Gault formula was 25 mL/min and the blood urea nitrogen-creatinine ratio was 5.28.
Complete blood count revealed a haemoglobin of 101 g/L, a haematocrit of 0.305, a platelet count of 580×10 4 /L, a white cell count of 36.1×10 9 /L with 92% neutrophils, 4% lymphocytes and 3% monocytes.
Capillary blood glucose initially showed a value of 446 mg/dL with a subsequent value of 269 mg/ dL after hydration alone. Monitoring of capillary blood sugar afterwards ranged from 100 to 130 mg/dL.
Urinalysis showed a light yellow, hazy colour with a specific gravity of 1.010, a pH of 6.5, a glucosuria of +2 and a proteinuria of +2, with coarse granular casts. It was negative for red blood cells, bacteria and ketones. Subsequent urinalysis became negative for proteinuria and glucosuria.
An initial ECG showed sinus tachycardia with normal axis, poor R wave progression with inferolateral wall ischaemia and flattened T waves (figure 1).
Arterial blood gas performed while the patient was intubated on a bag valve mask and a fraction of inspired oxygen of 100% was pH of 7.52 (NV 7.35-7.45), a carbon dioxide partial pressure of 25.7 mm Hg (NV 35-45 mm Hg), an oxygen partial pressure of 77.2 mm Hg (NV 90-100 mm Hg), a bicarbonate of 21 mEq/L (NV 22-28 mEq/L) and an oxygen saturation of 96.6%.
Twenty-four-hour urine collection carried out showed the results detailed in table 2.
Ancillary procedures performed were two-dimensional echocardiography which showed a mild pericardial effusion, concentric left ventricular remodelling and normal ejection fraction, and a kidney ultrasound which showed right mild pelvocaliectasia and normal corticomedullary differentiation.
Thyroid stimulating hormone was elevated at 42.98 mIU/mL (NV 0.3-3.8 mIU/mL) and free thyroxine value was 2.6 pmol/L (NV 11-24 pmol/L). Antithyroid peroxidase was negative and the patient had a normal thyroid ultrasound.
TREATMENT
During admission at the medical intensive care unit, the patient was on two vasopressors with continuous intravenous hydration and correction of potassium, calcium and magnesium. There was spontaneous respiration after an accidental extubation. Levothyroxine replacement therapy at 1.6 mg/kg/day was initiated on the fifth day of admission when thyroid function test results came out.
OUTCOME AND FOLLOW-UP
Blood pressure eventually improved and potassium, calcium and magnesium levels remained in the normal range 2 weeks after admission.
The patient was sent home ambulatory with levothyroxine, calcium carbonate and potassium chloride tablets. Figure 1 Initial ECG.
DISCUSSION
The patient was admitted for a recurrent history of lower extremity weakness progressing to involve the whole body with concomitant increase in urinary volume. Workup was initially targeted to a possible tubulointerstitial disease. A 24 h urine collection was carried out. Twenty-fourhour urine electrolyte studies are to be interpreted in the context of the patient's overall status. The results of the test showed increased urine volume despite a dehydrated status with elevated urinary sodium, chloride and calcium excretion with normal potassium excretion. In a dehydrated state, the body normally would be conserving sodium and the urine sodium value should be less than 20 mmol/L so as to conserve the sodium and the volume status of the patient, but the results showed otherwise. Calcium and potassium levels were still being excreted despite a state that should be conserving these electrolytes.
The inherited tubular disorder of Gitelman's syndrome was ruled out due to the absence of hypocalciuria. Bartter's syndrome, though presenting with hypokalaemia, hypocalcaemia, hypomagnesaemia and hypercalciuria with nephrolithiasis, would most often present in the neonatal period or early childhood with polyuria, polydipsia, salt craving and growth retardation. The renal tubular acidoses types 1 and 2 would present with metabolic acidosis while type 4 would be of hyperkalaemia which were not present in the patient. Drugs and exogenous toxins were excluded based on the history.
Since repeated hypokalaemia was a consistent finding during the repeated admission of this patient, workup for a possible hypokalaemic periodic paralysis was investigated. Instead, hypothyroidism was revealed.
Case reports of Koul and Wahid, 1 and Fang and Huang 2 presented similar cases of hypothyroidism and distal tubular acidosis. In the case report of Koul and Wahid, 1 a 43-year-old woman on treatment for autoimmune hypothyroidism presented with extremity weakness, hypokalaemia, metabolic acidosis, alkaline urine and fractional bicarbonate excretion of 3.5% which was consistent with distal tubular acidosis. This case report, though, concludes that the mild hypothyroidism alters the expression of several acid-base transporters, with mild hypothyroidism being associated with a mild defect in renal handling and compensation by the distal nephron with the autoimmunity causing dysfunction in several renal acidification processes. In the case report of Fang and Huang, 2 a 68-year-old woman presented with non-autoimmune severe hypothyroidism associated with a hyperkalaemic type of distal renal tubular acidosis which eventually resolved after thyroxine replacement.
Urine formation is governed by the three processes of filtration, reabsorption and secretion before final excretion. The regulation of electrolytes in the kidney is governed by several active transport pumps. Most of the active transport mechanism in the kidney is by the Na-K-ATPase pump which favours active reabsorption of sodium throughout most parts of the tubule. 3 Thyroid hormones are essential in the Na-K-ATPase pump. Na-K-ATPase pumps were significantly decreased in hypothyroid rats compared with normal rats 4 with a concomitant increase in the fractional excretion of sodium and furthermore, volume contraction. [4] [5] [6] Together with the loss of sodium is the loss of potassium in the urine since potassium is cotransported with sodium in the proximal tubule. In contrast, hyperthyroid rats showed increased Na-K-ATPase activity in the tubules with resultant decrease in sodium excretion. 4 The Na-H exchanger protein present in the proximal tubule is dependent on the gradient created by the Na-K-ATPase pumps, and thus, decreased expression of this pump can lead to a wasting of the hydrogen ion in the urine.
Calcium reabsorption in the proximal tubule parallels that of water and is independent of the parathyroid hormone (PTH). 3 Therefore, in instances where there is decreased sodium and water reabsorption, there is also a decrease in calcium reabsorption which consequently increases urinary excretion of calcium. Moreover, phosphate levels also influence calcium reabsorption such that phosphates stimulate PTH secretion thereby stimulating reabsorption of calcium.
3 Therefore a low plasma phosphate concentration could contribute to decrease in calcium reabsorption, which is apparent in our case.
Other active transport pumps in the renal tubules are the Na-Pi cotransport pumps and Na-Ca exchangers and these are also regulated by thyroid hormones. Their expression is decreased in hypothyroidism and manifested as increased fractional excretion of phosphate and calcium, respectively. 4 7 8 These changes in the active transport mechanism in the kidney could lead to electrolyte, specifically sodium, potassium, calcium, phosphate and magnesium, and water losses, which manifested in the patient.
Treatment of the overt hypothyroidism with levothyroxine was performed together with the continued volume and electrolyte replacement while the patient was restored to euthyroidism. The patient recovered and was discharged.
Learning points
▸ Thyroid hormone is essential in the expression of active transport pumps in the renal tubules, especially the Na-K-ATPase pumps. ▸ Recurrent hypokalaemia can be linked to hyperthyroidism as well as hypothyroidism. ▸ Multiple electrolyte abnormalities with volume loss may be linked to hypothyroidism as an unusual manifestation of this medical condition.
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